Type Ia supernova (SN Ia) cosmology provides the most direct evidence for the presence of dark energy. This result is based on the assumption that the look-back time evolution of SN Ia luminosity, after light-curve corrections, would be negligible. Recent studies show, however, that the Hubble residual (HR) of SN Ia is correlated with the mass and morphology of host galaxies, implying the possible dependence of SN Ia luminosity on host galaxy properties. In order to investigate this more directly, we have initiated spectroscopic survey for the early-type host galaxies, for which population age and metallicity can be more reliably determined from the absorption lines. As the first paper of the series, here we present the results from high signal-to-noise ratio ( 100 per pixel) spectra for 27 nearby host galaxies in the southern hemisphere. For the first time in host galaxy studies, we find a significant (∼3.9σ) correlation between host galaxy mass (velocity dispersion) and population age, which is consistent with the "downsizing" trend among non-host early-type galaxies. This result is rather insensitive to the choice of population synthesis models. Since we find no correlation with metallicity, our result suggests that stellar population age is mainly responsible for the relation between host mass and HR. If confirmed, this would imply that the luminosity evolution plays a major role in the systematic uncertainties of SN Ia cosmology.
Introduction
Type Ia supernova (SN Ia) cosmology is providing the most direct evidence for the dark energy (Riess et al. 1998; Perlmutter et al. 1999; Kessler et al. 2009a; Sullivan et al. 2011; Suzuki et al. 2012; Betoule et al. 2014 , and references therein). The distance measurement using SNe Ia is based on the assumption that the look-back time evolution of SNe Ia luminosity, after light-curve shape and color corrections, would be negligible. A strong support for this assumption was the apparent insensitivity of SNe Ia luminosity with host galaxies of different morphological types, where SNe Ia are believed to arise from old and young progenitors (Riess et al. 1998; Schmidt et al. 1998; Perlmutter et al. 1999 ).
However, more extensive recent compilations of SNe Ia data show a systematic difference, in the sense that SNe Ia in late-type hosts are fainter than those in early-type hosts by 0.16 ± 0.08 mag, both at low and high redshifts (Hicken et al. 2009b; Suzuki et al. 2012) . Considering the fact that the difference in Hubble residual (HR µ SN − µ z ) used in the discovery of the dark energy is ∼0.2 mag, this is potentially a significant result and no longer supports the assumption that there is no luminosity evolution of SNe Ia. Furthermore, recent studies on the host galaxy properties report a systematic difference in HR of 0.08 ± 0.02 mag between the high and low mass host galaxies (Kelly et al. 2010; Lampeitl et al. 2010; Sullivan et al. 2010) . Sullivan et al. (2010) showed that this difference alone could shift the dark energy equation of state, w, by 0.17. Since the mass of a galaxy cannot directly affect SN luminosity, this is most likely due to the population properties of a host galaxy, such as age and metallicity (Johansson et al. 2013; Childress et al. 2014; Pan et al. 2014 ). All of these results might indicate that the light-curve fitters used by the SNe Ia community cannot quite yet correct for a large portion of the population age or metallicity effects.
In order to investigate these issues more directly, population age and metallicity of host galaxies are required to be pre-determined. Most of the studies on host galaxy properties, however, use spectral energy distribution (SED) fitting technique or emission lines to measure gas-phase metallicity, star formation rate, and stellar mass (Gallagher et al. 2005; Sullivan et al. 2006 Sullivan et al. , 2010 Kelly et al. 2010; Lampeitl et al. 2010; D'Andrea et al. 2011; Gupta et al. 2011; Childress et al. 2013; Pan et al. 2014) . Because of the well-known limitations of this technique, such as the age-metallicity degeneracy and attenuation by dust, population ages derived from this technique is rather uncertain (see e.g., Worthey et al. 1994; Walcher et al. 2011) . In order to overcome these limitations, Balmer absorption lines have been widely used in age dating of early-type galaxies (ETG) during the last two decades (Faber et al. 1992; Worthey et al. 1994; Worthey 1998; Kuntschner 2000; Trager et al. 2000 ; Thomas et al. 2005; Collobert et al. 2006; Kuntschner et al. 2006; Graves et al. 2007 Graves et al. , 2009 Sánchez-Blázquez et al. 2009; Scott et al. 2009; Conroy & Gunn 2010; Zhu et al. 2010) . One of the results established from these studies is that stellar population in more massive galaxies, in the mean, is older than that in less massive galaxies. Although there is no theoretical reason to believe that stellar population in host galaxies would be significantly different from that in non-host galaxies, this "downsizing" trend is not reported yet from host galaxy studies.
As to the SNe Ia host galaxies, there have been only two previous studies that employed this technique based on Balmer absorption lines. In their pilot study, Gallagher et al. (2008) obtained low signal-to-noise (S/N = 10-20) ratio spectra of 29 nearby early-type host galaxies. Their result, however, is hampered by "an error in the original analysis" (see section 1 of Sullivan et al. 2010) . The other study by Johansson et al. (2013) used very low S/N (∼10) spectra from Sloan Digital Sky Survey, and attempted to obtain population ages from emission corrected absorption lines. Most galaxies in their sample (∼70%) are emission dominated star-forming or active galactic nuclei (AGN) galaxies, and thus required significant emission corrections, which together with the low S/N ratio spectra produced rather limited results (∼5 Gyr error in age).
In order to determine more reliable population ages and metallicities for a sufficiently large sample of early-type host galaxies based on high S/N spectra, we have therefore initiated the project that we call YONSEI, YOnsei Nearby Supernovae Evolution Investigation. For this project, we have constructed our own SNe Ia catalogue (Y.-L. Kim et al., in preparation) by employing MLCS2k2 and SALT2 light-curve fitters (Jha et al. 2007; Guy et al. 2007) implemented in the SuperNova ANAlysis (SNANA; Kessler et al. 2009b) package. Since ETGs are more homogeneous in terms of population age and less affected by dust extinction, we believe that this project can provide the best test for the possible luminosity evolution of SNe Ia. Furthermore, ETGs are known to host both faint and bright SNe Ia, while late-type galaxies tend to host fainter SNe Ia, after light-curve corrections (Hicken et al. 2009b) . As the first paper of this series, here we report our spectroscopic observations for 27 nearby host galaxies observed at Las Campanas Observatory (LCO). The spectra obtained from these observations are used to investigate the correlations between population age, metallicity, and velocity dispersion of early-type host galaxies.
Observations and Data Reduction
Our sample galaxies have been observed with the du Pont 2.5 m telescope at LCO. All of them are classified as early-type galaxies (E-S0) by NASA Extragalactic Database (NED) or HyperLeda database (Makarov et al. 2014) 1 . They are in the redshift range of 0.01 < z < 0.06 with the B magnitudes between 11 and 18 mag. We have further limited our sample to host galaxies for which the SN Ia light curve analysis is possible by employing the SNANA package for our future analysis of the correlation between population age and HR. The whole sample of our target galaxies are listed in Table 1 and their images together with SN Ia position are shown in Figure 1 .
The observations were carried out with the Boller & Chivens long-slit spectrograph during the six observing runs from February 2011 to March 2013. Table 2 lists an instrumental setup of our observations. As listed in Table 1 , the single exposure time of each host galaxy was 1200, 1800, or 3600 sec, depending on the brightness, and most of target galaxies were observed at least three times. The slit position angle (PA) was aligned with the direction of the major axis of each galaxy, except the cases where a bright object is placed in the slit, for which the angle was further tilted to avoid it. Following the usual manner, calibration frames were obtained including dome flats, twilight sky flats, and He-Ar arc lamp. Standard stars for flux calibration, radial velocity correction, and telluric feature removal were further observed. In addition, we observed 70 stars from the Lick library Worthey & Ottaviani 1997) to transform the measured indices to Lick/IDS standard system. Spectra for 29 non-host early-type galaxies were also obtained for the comparison with previous studies.
The observed spectra were reduced using the IRAF 2 in the standard manner. Preprocessing, including overscan, bias subtraction, flat-fielding, and illumination correction, was performed using the CCDRED package, and the cosmic rays were removed by the lacosmic routine of van Dokkum (2001) . The He-Ar lamp exposures were used for the wavelength calibration and distortion correction. The one dimensional spectra were extracted using apall routine with an aperture of 3.85 ′′ for the stars and within the half-light width for target galaxies. The half-light width was calculated based on the spectra of each galaxy, which is defined to be the width that includes the half of the total integrated light in Johnson B band. These widths determined from our spectra correspond to ∼1/4 of the effective radii derived from 2MASS photometry (as defined by Cappellari et al. 2011) . As shown below in Figure 3 , however, the adopted aperture size has only little effect (<5%) on the measured Lick indices. The apall task was also used for the sky subtraction and the noise level estimation. Flux calibration and heliocentric velocity correction were then applied to the extracted 1-d spectra. Telluric absorption lines were further removed for the redder than 7000Å using IRAF telluric task. With fully processed spectra observed in the same observing run for each galaxy, we finally performed median stacking to enhance S/N ratio. The typical S/N ratio of our target galaxies is ∼192 per pixel (∼3Å at 5000Å) and even the faintest galaxies in our sample have S/N ratio of more than 72.
Line Strengths on the Lick/IDS System
Some ETGs in our sample show weak emission lines, which are likely caused by AGN or residual star formation (e.g. Ho et al. 1997; Yi et al. 2005) . This contamination, especially in the Hβ region, must be removed before the Lick indices are measured from the spectra for these galaxies. For this, we have used the Gas AND Absorption Line Fitting (GANDALF; Sarzi et al. 2006 ) package based on the Penalized Pixel-Fitting method (pPXF; Cappellari & Emsellem 2004) . The pPXF routine was also used to derive radial velocity and velocity dispersion of each galaxy. In the GANDALF package, the MILES stellar library (Vazdekis et al. 2010 ) was adopted for the template SEDs, and the reddening map of Schlafly & Finkbeiner (2011) was applied for the Galactic extinction correction. To estimate the amplitude of embedded emission in the Hβ absorption line, the emission in the Hα was detected first and then the Balmer decrement method, adopting Hα/Hβ ∼ 2.86 (Osterbrock 1989) , was employed. The continuum shape correction required in this method (Serven & Worthey 2010 ) was applied in the GANDALF package as it performs the continuum fitting to the template SEDs for the whole wavelength coverage of spectra. The emission line correction was applied only when A/N, the ratio of the line amplitude to the noise of the spectrum, was larger than 2 (see Trager et al. 2008) . Only three galaxies in our sample, NGC 1819, 2MASX J1331..., and UGC 03787, required significant emission corrections (i.e., negative Lick indices before the correction). For the remaining galaxies in our sample, the variation in the Hβ index by the emission correction was either negligible or less than 30%. As an example, Figure 2 shows the observed spectrum of NGC 4493, which compares absorption line features before and after the emission correction.
In order to measure Lick/IDS indices from the emission-cleaned spectra, we employed an IDL routine lick ew in the EZ ages package developed by Graves & Schiavon (2008) . In this routine, the observed spectra were first degraded from the instrumental resolution of observed spectra (∼ 7Å/FWHM) to the original Lick/IDS resolution. For the galaxy spectra, we have further applied corrections for the line broadening from velocity dispersion. This was performed by calculating the correction factor from the best fitting model spectra in the GANDALF package before and after the line broadening (see Oh et al. 2011 ). The correction factor for each index was then applied to obtain indices at zero velocity dispersion. Out of 25 indices measured, we adopted Hβ index as an age indicator, and the mean iron index, Fe (Fe5270 + Fe5335)/2, was used as a metallicity indicator. The Mg b index was also used to estimate the alpha-elements enhancement, [α/Fe]. The index errors were calculated from the equations defined in Cardiel et al. (1998) . For five galaxies in our sample in the redshift range of 0.04 < z < 0.06, Fe5270 and/or Fe5335 indices are contaminated by a strong sky emission line 5577Å. In these cases, Fe5270 and/or Fe5335 indices were obtained from the best-fit model spectra. Since there are tight correlations between the observed Fe indices and those obtained from the best-fit models, the uncertainties in Fe indices derived from this procedure are not significantly greater than those for other sample galaxies and are estimated to be ∼0.21Å for Fe5270 and ∼0.16Å for Fe5335 (∼10% uncertainty in each index).
As the last step, the measured indices were transformed to the Lick/IDS standard system. For this, our observed spectra for the Lick/IDS standard stars were used to derive small systematic offsets caused by the continuum shape differences. Figure 4 compares indices measured from our observations with those in the Lick/IDS database, from which we obtained the mean offset for each index and used it for the zero-point correction. Table 3 lists the fullycorrected Lick indices (Hβ, Fe5270, Fe5335, and Mg b) , together with the measured velocity dispersion (σ v ), for our host galaxy sample. After this correction, in Figure 5 , we compare our indices for non-host early-type galaxies with those in previous studies (Trager et al. 1998 (Trager et al. , 2000 Kuntschner et al. 2001 Kuntschner et al. , 2010 Denicoló et al. 2005; Sánchez-Blázquez et al. 2006) . Our measurements are generally in good agreements with mean offsets of 0.12, -0.043, 0.11, 0.21 A, and 30.8 km/s for Hβ, Fe5270, Fe5335, Mg b, and σ v , respectively. These differences are comparable to those reported by other investigators, and are probably due to the differences in the adopted aperture size, instrument used, and/or the procedures adopted for the emission correction.
Correlation between Velocity Dispersion and Population Age
Using Hβ, Fe , and Mg b indices measured in the Lick/IDS system, we have determined the luminosity-weighted mean ages, metallicities, and [α/Fe]'s for our early-type host galaxy sample. For this, we have adopted four different sets of evolutionary population synthesis (EPS) models, the Yonsei Evolutionary Population Synthesis , hereafter YEPS), Thomas et al. (2003, hereafter TMB03) , Thomas et al. (2011, hereafter TMJ11) , and Schiavon (2007, hereafter S07 ). The YEPS model was constructed with the most up-todate Y 2 stellar evolutionary tracks and isochrones (Han et al. 2009; Lee et al. 2015) and the line fitting functions from Worthey (1994) and Worthey & Ottaviani (1997) . It includes the detailed effects of horizontal branch (HB) morphology and its variation with metallicity, age, and [α/Fe], and is well-calibrated to the color magnitude diagrams, integrated colors, and absorption indices of globular clusters in the Milky Way and nearby galaxies Joo & Lee 2013; Kim et al. 2013) . Because of the detailed modeling of HB, YEPS is the only model that can match the observed Hβ indices of metal-poor globular clusters in M31 (Kim et al. 2013 ). TMB03 model is based on the isochrones of Bono et al. (1997) and Cassisi et al. (1997) , and they adopt the fitting functions of Worthey (1994) for Lick indices. Their model provides extensive grids of [α/Fe] from 0.0 to 0.5. TMJ11 is the flux-calibrated version of TMB03, and used empirical fitting functions of Johansson et al. (2010) . S07 developed his own fitting functions based on the Jones (1998) library, and exhibits greater sensitivity to metallicity and temperature of stellar populations. His model adopted Padova isochrones Salasnich et al. 2000) for scaled-solar and alpha-enhanced model. In practice, we used his model extracted from the EZ ages package (Graves & Schiavon 2008) . Figure 7 shows two example spectra for relatively old and young host galaxies, where one can see a large difference in the depth of Hβ line between these galaxies. Table 4 presents the derived population age, [M/H], and [Fe/H] together with their errors, for the host galaxies in our sample, obtained from YEPS, TMB03, TMJ11, and S07 models, respectively. Figure 8 shows the correlation between velocity dispersion and population age for our sample of early-type host galaxies, where each panel shows, respectively, ages derived from the four different population synthesis models. As is clear from this Figure, all panels show positive correlations, although the population ages derived from the YEPS model are somewhat younger (by 1-3 Gyr) than those derived from other models. This is most likely due to the differences in the adopted isochrones/evolutionary tracks. In order to estimate the slope and the statistical significance of the correlation, we performed the Markov chain Monte Carlo (MCMC) analysis implemented in the LINMIX package (Kelly 2007) . According to this analysis, the velocity dispersion is correlated with population age in the form of age ∝ σ v α , with an α ∼ 2.17 (see Table 5 ). The posterior possibility distributions in the upper panels of Figure 8 show ∼99.97% probability for the positive slope, corresponding to ∼3.9σ. Strong correlations are still maintained (with ∼99.76% probability) even if the youngest galaxy, 2MASX J1331..., is excluded from the regression fit. On the other hand, Figure 9 shows that the total metallicity, [M/H], has no significant correlation with velocity dispersion (∼81.25% probability, ∼1.6σ). Similarly, the iron abundance, [Fe/H], also shows weak correlation (∼77.30%, ∼1.3σ; see Figure 10 ). If the most metal poor galaxy, 2MASX J1331..., is excluded from the regression fit, the correlations become even weaker for both [M/H] Table 6 lists the probability for the non-zero slope derived from the posterior distribution together with the corresponding σ value.
Discussion
We found a tight correlation between velocity dispersion and population age among our sample of early-type host galaxies. The total metallicity or iron abundance, on the other hand, show no significant correlation with velocity dispersion. As summarized in Table 6 , these results are rather insensitive to the choice of population synthesis models. When the relation between σ v and dynamic mass of Cappellari et al. (2006) is adopted, our result would suggest that more massive host galaxies (by a factor of 10) are ∼6.5 Gyr older than less massive galaxies. A similar result (∼5.8 Gyr difference) is obtained, if, instead, the relation between σ v and stellar mass (Thomas et al. 2005 ) is employed. Qualitatively, this is consistent with the well-known "downsizing" trend observed among non-host galaxies, in both early (Thomas et al. 2005 Smith et al. 2009 ) and late-type galaxies (Heavens et al. 2004; Cid Fernandes et al. 2007 ).
Our result has an important implication on the well-established correlation between host mass and HR of SN Ia (Kelly et al. 2010; Lampeitl et al. 2010; Sullivan et al. 2010; Pan et al. 2014 ). According to these results, SNe Ia in more massive host galaxies (by a factor of ∼10) are brighter, after light curve corrections, than those in less massive galaxies by ∼0.1 mag. Combining this with our result on the host mass and population age would imply that the SNe Ia in older host galaxies (by 10 Gyr) are ∼0.16 mag brighter than those in younger hosts. Since we found no correlation between host mass and metallicity, our result therefore suggests that the origin of the host mass and HR correlation is most likely a population age effect. If confirmed by further observations, this would imply that the luminosity evolution deserves more careful consideration in the SN Ia cosmology. In order to explore this more directly, our future papers will include the light-curve analysis of SNe Ia for a larger sample of early-type host galaxies, based on which the correlations between the HR and population properties will be investigated.
In the era of the giant telescopes, sufficient sample of early-type host galaxies at high redshift will be accumulated from a similar survey. Then, a unique dark energy test will be possible by combining the early-type host galaxy sample observed in this study with that to be obtained at high redshifts. Since the maximum possible age of stellar populations in galaxies decreases with increasing redshift or look-back time, host galaxies in the same population age bin, for both the nearby and high redshift samples, should be selected for this test in the construction of the Hubble diagram. For this, relatively young galaxies at low redshifts should be compared with relatively old galaxies at high redshifts. As stellar populations in sample galaxies would have roughly the same age, this test will be entirely free from the possible evolution effect. Furthermore, since only ETGs are employed, it will be less affected by dust extinction. This "evolution-free and dust-free" dark energy test would, therefore, provide an unprecedented opportunity in SN Ia cosmology. Worthey et al. (1994) . The dashed line is for the one-to-one relation, while the solid line shows the mean offset (our work -Lick/IDS system) which is given in each panel. a Information from NED and HyperLeda (the total B magnitude, B T ). c Morphological classification is adapted from HyperLeda.
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